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Title; A meth od f processing an article by mean? vi a 
JLasey frea.ro 

Technical Field 

The invention relates to a method of processing one c: 
5 more articles by means of a pulsed laser beam, whereby 
the processing is performed in several steps. 

Background Art 

Laser processing by means of continuous or pulsed lasers 
is known. Furthermore it is common knowledge to drill 

10 holes by means of laser, where either one pulse or a number 
of pulses are used per hole, said holes being completed 
one by one, cf. German Of f enlegungsschrif t No. 2,719,275, 
The latter process is used for engraving pressure cylin- 
ders, whereby a hole or a recess is completed before the 

15 laser beam is directed towards another area so as to 
produce the next hole. 

Disclosure of the Invention 

The object of the present invention is to show how the 
quality of the processing can be improved without involving 
20 a substantially prolonged processing period. 

According to the invention a pulse interval is selected 
for each processing which is extremely long compared -c 
the pulse width. Typical pulse intervals are 1,000 times 
longer than the pulse width, and simultaneously the pulses 

25 are selected in a suitable pulse width interval, typically 
0.02-0.1 ms , which is unusually short as far as CO2 drill- 
ing lasers and other c nventi nal drilling lasers are 
c ncerned. As a result it is possible to achieve an other- 
wise unachievable hole quality. The latter is due to th 

30 fact that the removal of material during each pulse is 
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insignificant, and the am unt f plasma ab v r in the 
hole is reduced which in turn substantially reduces the 
undesired formation of fuse in and around the hole. At 
the same time the plasma and the metal vapours disappear 
5 from the hole and the area between the laser beam and the 
hole before the successive pulse hits the article. In 
this manner holes are achieved which compared to previously 
are more cylindrical and contain less resolidified fuse 
on the walls of the hole. As a result it is possible to 
10 produce holes typically of a diameter and depth of 

metal: diameter: 0.08-0.15 mm; depth: 1,0 mm 
polycarbonate: diameter: 0.2 mm; depth 3.00 mm. 

When several holes are drilled simultaneously during a 
continuous movement of the surface of the article relative 

15 to the laser beam, it is possible to achieve a productivity 
far higher than usual, said surface following a path in 
such a manner that the area(s) on the article to be pro- 
cessed several times, typically 10-20 times, pass below 
the laser beam and is (are) thereby repeatedly hit by a 

20 short laser pulse at a low efficient frequency. The produc- 
tivity achieved is even far higher than the productivity 
achieved by a single pulse drilling in the same material, 
the,. latter single pulse drilling resulting in a substan- 
tially poorer hole quality, resolidified fuse on the walls 

25 of the hole, and often a rather significantly varying 
hole size, as well as in larger hole diameters. 

During the production of a circle of holes on tubes or 
surfaces . where the article is rotating and the holes are 
produced by means of a number of pulses in each hole, 
30 i.e. one pulse per rotation, the following conditions 
determine the productivity: 



The diameter of the bore, the diameter of the focusing 

lfts<»r beam an? th? p\ilse wftgth. 
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It is possible to determine a maximally allowable rela- 
tive peripheral speed in response to the diameter of the 
holes and the width of each laser pulse. When holes with 
an inlet diameter of 0.2 mm are to be drilled in steel by 
5 means of a laser beam of a focusing diameter of 0.1 mm, 
and when each laser pulse is of a duration of about 0.05 
ms , the maximally allowable peripheral speed is about 1 
m/s . 

The nuls e frequency of the laser 

10 The maximum pulse frequency of the laser determines the 
shortest interval between two pulses. CO 2 lasers can be 
pulsed at a maximum frequency of up to 2000-5000 Hz. When 
the distance between the holes is short, the maximum 
frequency of the laser sets a limit to the peripheral 

15 speed of the article. 

The maximum drilling frequency of a hole 

As previously mentioned one of the recognitions behind 
the invention is that it is possible to drill holes of 
high quality by combining short pulses and low repetition 
20 frequencies, which leads to the conclusion that a maximum 
frequency applies, typically 10-20 Hz, at which a hole 
can be drilled. The latter sets a limit to the number of 
revolutions possible for the drilling. 

When holes are to be drilled in a tube of stainless steel 
25 of 

- a wall thickness of 

- a diameter of 

- a hole diameter of 

- a distance between the holes 



1 mm 
30 mm 
0.2 mm 

f 0.5 mm 
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by means of a laser emitting 

* a pulse width of 

- at a maximum frequency of 

- a beam of a diameter of 

5 and when the following data are to be used per hole 

- number of pulses 10 

- a maximally efficient frequency of 20 Hz 



50 jxs 
2500 Hz 
0 . 1 mm 



the following limits are set to: 



- peripheral speed 1 m/s 
10 involving a maximum speed of rotation of 10 r.p.s. 

- maximum laser frequencies of 2500 Hz 
as well as holes per rotation approx. 200 
involving a maximum speed of rotation of 12 r.p.s. 

- maximally efficient frequency 20 Hz 
15 involving a maximum speed of rotation of 20 r.p.s. 

Thus the peripheral speed of the above example sets a 
limit to the number of revolutions to 10 r.p.s. As each 
hole requires 10 pulses, the 200 holes are completed in 
...... -about 1 s * .• ^ ■ - •■ ... 



20 No other drilling technique exists, not even a technique 
based on laser, which can produce the above number of 
holes of such a quality in 1 s . A solid state laser drills 
approximately 10 holes per s in the same material/thickness 
but resulting in a larger diameter of the holes. ft 

25 Both a solid state laser and a CO2 laser can drill the k 
same h le quality at a conventional laser drilling tech- 
nique at a speed of 0.5-2 holes per s. 



Brief Description of the Drawing 
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The invention is described in greater details below by 
means of examples of embodiments and with reference to 
the accompanying drawings, in which 

Fig. 1 is a sectional view through an article with a laser 
5 drilled row of holes, the centre lines of said holes being 
radially situated in the article, 

Fig. 2 illustrates a pulsed fine cutting or welding, where 
a number of articles are to be cut or welded at a low 
pulse frequency, said articles being shown from the top, 

10 Fig. 3 illustrates a device synchronizing the movement 
of the laser and the article during laser drilling, 

Fig. 4 illustrates a system reducing or eliminating the 
relative movement during the emission of a laser pulse, 

Fig. 5 illustrates an equipment unit for laser drilling 
15 tubes , 

Fig. 6 illustrates an equipment unit for laser drilling 
holes in a metal disk, 

Fig. 7 illustrates a trepanation method, 

Fig. 8 illustrates a system for producing spinner wheels, 

20 Fig. 9 illustrates an equipment unit for laser engraving 
pressure rollers, and 

Fig. 10 some trigger signals. 

Best Modn for Carryin g Out the Invention 



During a laser pr cessing, such as cutting, drilling or 
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welding, by moans of a pulsed laser, a combination of 
laser pulse and pulse Intervals is used during each pro- 
cessing step, whereby the pulse width must be substantially 
shorter than the pulse interval for the sake of the quality 
5 of the processing. In order to increase the productivity 
without affecting the quality, a simultaneous processing 
of several articles or article areas is performed, cf. 
Fig. 1 outlining a drilling of N holes in a row on a 
cylindrical article 1. 

10 Fig. 1 is a cross-sectional view of an article with a 
laser drilled row of holes, the centre lines of said holes 
extending radially in the article 1. Each hole 2 must be 
processed by a pulse with a large pulse interval simul- 
taneous with the article 1 being continuously turned. A 

15 suitable synchronizing device causes the laser to emit a 
short pulse each time the position of a hole 2 is passed. 

The principle of a pulsed fine cutting and welding is 
exemplified in Fig. 2, where a number of articles 1 are 
to be welded at a low pulse frequency. The articles 1 are 
20 mounted on a rotating device 4, and the welding is per- 
formed in the outlined sequence while the device 4 rotates 
continuously and relatively quickly and simultaneous with 
the beam being moved rather slowly in the desired pattern. 

Fig. 2 is a top view of the articles 1, i.e. from the 
25 side where the laser beam is emitted. 

While the relative movement is established, the article 1 
and/or the focal point of the laser beam can be moved. 
Thus the relative movement generating each welding geometry 
of Fig. 2 can be established both by translating the centre 
30 line of the rotating device 4 and by displacing the focal 
point of the laser beam, e.g. by means of m vable optical 
means . 
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Som laser processings require an amendm nt £ the parame- 
ters during each processing cycle. Such an amendment is* 
advantageously performed in the processing sequence de- 
scribed in connection with Fig. 3. An example thereof is 
5 the drilling of a large number of uniform holes in a metal 
wheel, whereby each cycle comprises the steps of first 
drilling a through hole followed by a cutting of the final 
geometry of the hole by cutting from the first hole. The 
drilling of the hole and the following cutting are per- 

10 formed by two different sets of processing parameters, 
i.e. different pulse energies and different gas pressures 
inside the cutting nozzle. The technique described renders 
it possible to complete simultaneously a large number of 
starting holes, whereafter the parameters are changed 

15 before the cutting is performed. In this connection it is 
possible to perform more complicated parameter amendments. 

During the processing sequence outlined in Fig. 1, the 
movement of the article is synchronized with the triggering 
of the laser by means of a continuously rotating article 

20 holder 6. The article holder comprises a detecting device 
7, whereby the laser pulse is triggered as outlined in 
Fig. 3, wherein an optocoupler 7 registers each time a 
notch 6" or a hole in a perforated disk passes the holder 
6, said disk being mounted on the rotating article holder. 

25 The optocoupler 7 transmits a signal triggering the laser 
through suitable electronics. The trigger signal can be 
interrupted and transmitted to the laser by means of a 
manual or automatic system, such as a servomechanism . As 
a result, a precisely defined number of rotations are 

30 performed with the laser coupled to the system (N in Figs. 
1 and 2) . In addition, the starting up/slowing down of 
the article holder 6 or the insertion/removal of the 
article in and from the continuously rotating article 
holder are performed without causing the laser to emit a 

35 pulse. 
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The above trigger system can, of course, also be mounted 
on the shaft of the motor driving the article holder or. 
in a transmission system between the driving motor and 
the article holder. 

5 The synchronizing can furthermore be provided by a control 
system transmitting signals both to the article -rotating 
system and to the laser. The latter is for instance ren- 
dered possible by an electronic device or a computer 
generating pulses in such a manner that said pulses control 
10 a step motor. In turn the step motor controls the movement 
of the article simultaneous with triggering the laser. 
The control system may in the latter case be such that the 
step motor can receive a predetermined number of pulses 
each time the laser is to be triggered one time. 

15 Fig. 4 illustrates a moving pattern, according to which 
the article passes the optical instruments of the laser 
in a uniform movement while the optical instruments 
simultaneously perform a uniform movement so as in each 
pulse moment to reduce or eliminate the relative movement 

20 between the article and the laser beam. Fig. 4 shows a 
system where the centre line of the laser beam is caused 
to sweep by a rotating polygonal deflecting mirror 14 while 
the article 1 rotates , said deflecting mirror 14 being 
situated in front of a convex lens 9 in the present 

25 embodiment. By synchronizing the rotation of the article 
with the rotation of the mirror 14 and the emission of 
laser pulses, it is possible to prevent the focal point 
of the laser beam from moving relative to the article 
while each laser pulse is emitted. 

30 The invention is illustrated in greater details below by 
means of the examples. 



Laser drilling 
machines . 



of polycarbonate 



articles 



for heart/lung 
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The article is shaped as a substantially cylindrical 
component, where a number of holes are to be used for 
oxidizing blood. The surface, in which the holes are to 
be produced, is tubular and of a diameter of about 60 mm. 
5 The wall thickness is about 3 mm. 120 holes of a diameter 
of about 0.22 mm are situated in a plane perpendicular to 
the axis of the tube. The processing parameters are: 

- pulse width: about 50 /is 

- number of pulses: about 20 per hole 
10 - number of revolutions: about 5 r.p.s. 

- processing period for 120 holes: 4 s 

The article is shown in Figs. 1 and 3. 
Laser drilling of tubes. 

Reference is made to page 4, where rings of holes of about 
15 0.2 mm are to be drilled in tubes of a wall thickness of 
1 mm and with about 200 holes per ring and one ring per s. 

The article and the equipment unit for the production 
thereof are shown in Fig. 5. 

A tube 1 is provided with rows 13 of holes, only one row 
20 of holes being produced at a time by the described tech- 
nique. The pulsed laser beam 2 is focused in a spot on 
the surface of the article by means of a lens 3. A gas 
beam is transmitted coaxially to the surface of the article 
by means of a nozzle 4 in order to remove vapours above the 
25 article. The article is rotated by two rotating clamping 
devices 5 and 6 centering and retaining the tube. A driving 
means, such as a tandem gear or a tandem wheel 11 , rotates 
the tub and holding devices. A perforated disk 10 is 
situated on one rotating device, said disk passing thr ugh 
30 an ptocoupler 9. The optocoupler 9 emits a v ltage varying 
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in response to whether light can b transmitted fr m or.e 
side to the other (hole in the perforated disk) or the 
light from one side of the optocoupler cannot pass to the 
other side (the perforated disk is shielding). The opto- 
5 coupler is used for triggering a laser pulse passing 
through a hole in the perforated disk. When a suitable 
number of revolutions and the processing of a row of holes 
have been completed, the laser is interrupted and the 
tube is axially displaced by the clamping device 5 being 

10 opened. Subsequently, the tube is displaced by means of a 
displacing means 12 optionally driven by a motor. Now the 
clamping device 5 clamps about the tube and the clamping 
device 6 is opened, whereafter the displacing means 12 
returns to its starting position and the clamping device 

15 6 again clamps about the tube. The tube has now been dis- 
placed a short distance and is again rotating whereafter 
the next row of holes can be drilled. The above cycle 
continues until the processing has been completed. 

Lasey &Vlll%nZ of fro?-?? iU a metal, dftsk 

20 Instead the holes 13 can be drilled in a circular track 
in a disk. Xfhen the track is of a diameter of 40 mm, all 
the hol^s in the. track are drilled in about 1.5 s, provided 
there are less than 375 holes in the track. The article 
and the equipment unit for the production are shown in 

25 Fig. 6. 

In this example, a circular disk 1 has been inserted from 
the bottom and upwards into a rotating article holder 2 
optionally driven by a driving belt 3. The article holder 
2 is provided with a perforated disk 4 activating an. 
30 optocoupler 5 for the synchronizing of the laser pulses 
with the number of revolutions. The laser beam 6 is focused 
by means of a lens 7, and a gas nozzle 8 is situated 
between the lens 7 and the pr cessing spot, said gas nozzle 
discharging a gas beam s as t rem ve material vapours 
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etc . 

Cutting holes In for Instance spinner whge^s the 

production of glass wool. 

Large spinner wheels are used for the production of glass 
5 wool. The melted glass is poured into a quickly rotating 
bowl rotating about a vertical axis. Subsequently , the 
centrifugal force presses the glass out through a number 
of holes in the vertical cylindrical sides of the bowl. 

A spinner wheel comprises about 17,000 holes of a diameter 
10 of about 1 mm. The holes are situated at regular intervals 
of about 2 mm on the cylindrical surface and are arranged 
in about 30 circular tracks, each track including about 
600 holes. The spinner is made of high-strength steel and 
in the hole section the spinner is of a wall thickness of 
15 about 4 mm. 

These holes are now drilled either by means of an electron 
beam, ECM, or by means of a laser. When the holes are 
drilled by means of a strong ND-YAG-laser pulse per hole, 
the quality is unlike. If instead a ND-YAG-laser trepana- 
20 tion is used, where the holes are produced by cutting one 
hole at a time, an improved quality is achieved. Each 
hole is subjected to the trepanation for about 2 s. Thus 
the existing technique operates with a production time 
per spinner of about 10 h. 

25 By the new technique according to the invention the trepa- 
nation is to be performed as outlined in Fig. 7. In this 
embodiment, holes arranged in a circular ring are simul- 
taneously produced during the rotation of the article in 
such a manner that initially only one beam is transmitted 

30 into each hole followed by a sec nd beam into each hoi 
etc. The beam path and the article are displaced relative 
to on another after each r tati n resulting in a cutting 
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of each h le. Fig. 8 illustrates an quipment unit fcr 
producing spinner wheels. 

The article 1 to be drilled is rotated by an article holder 
6 driven by a motor 7. A perforated disk 8 is mounted on 
5 the article holder, and as previously described said disk 
triggers an optocoupler 9 so as to trigger the laser. The 
processing is also performed by means of a lens/nozzle 
system 3, 4 concentrating the laser beam and transmitting 
a gas beam towards the article. Fig. 8 shows in fact a 

10 laser cutting, where the gas beam is of major importance 
because said beam removes fuse from the cutting groove 
and co-operates in exothermal reactions with the melt- 
ed/evaporated material deriving from the laser cutting. 
The relative cutting movement between the article and the 

15 laser beam can be provided by means of an x-y-moving system 
5, which may be numerically controlled. 

A pulse width of 0.1 ms involves a peripheral speed of 
about 0.5 m/s f which corresponds to a pulse frequency of 
250 Hz. When 80 pulses are used for cutting each hole, 
20 the drilling per hole is of a duration of about 0.33 s, 
which means a total processing period of about 2 h. 



Laser engraving pressure rollers 

In connection with the production of pressure rollers, 
cf. for instance the previously mentioned German Offen- 

25 legungsschrif t , it is possible to improve the quality of 
the holes by producing each hole by means of several pulses 
at a low frequency. Compared to the previous examples, 
such an engraving technique requires shorter laser pulses: 
either Q-switched lasers (ND-YAG- or CO2 lasers) operating 

30 with pulse widths in the range of 0.1-10 ^is, or the more 
short-pulsed lasers (TEA or excimer lasers) typically 
emitting puis s in the range of 10-100 ns . The depth p r 
pulse in a hole is more or less proportional to the pulse 
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width, and the short-pulsed lasers provide the best re- 
sults. Several pulses are, however, required per hole 
which means more revolutions for the production of a ring 
of holes . 

5 The basic structure of the article and the equipment for 
the production thereof are shown in Fig. 9. 

A pressure roller 6 is situated on two bearings 7, 8 driven 
by a motor 12 through a holding device (claw/centering 
cartridge) 9. In this case too a perforated disk 10 and 

10 an optocoupler 11 are involved. An optical slide 1 can be 
displaced along the axis of the pressure roller 6. The 
optical slide comprises a deflection mirror 2 deflecting 
the laser beam 3 through the lens 4 and the nozzle 5 in 
such a manner that the laser beam 3 is focused on the 

15 surface of the article. One track at a time is completed 
on the pressure roller 6, whereafter the slide 1 is dis- 
placed and an additional track is produced. The holes in 
the pressure roller are typically 10-100 ^im deep, and 
the number of holes per cm in the axial and tangential 

20 direction is typically between 50 and 300. 

_ General remarks concerning triggering 

Triggering can also be performed by means of other devices 
beyond perforated disks/op tocouplers , such as for instance 
by means of a surge generator controlling both a step 
25 motor and the laser. 

The trigger signals of Fig. 10 can be used regardless of 
the triggering method. 

A continuously r tating perforated disk triggers an pt - 
c upl r so as to transmit a signal 1. The system controll- 
30 ing the pr cessing can then transmit a primary gating 
signal 2 for a suitable period, such as a predetermin d 
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number of revolutions. Subsequently, when permitted by 
the primary gate 2, the laser emits pulses 3 synchronously 
with 1. 

The width of the laser pulse may be as 4. A local gating 
5 5 can, however, set a minimum period before the next pulse 
can be emitted, which results in laser pulses with a longer 
Interval 6. The latter procedure Is rendered possible by 
electronically selecting different number of holes. 

In certain situations, such as when engraving pressure 
10 rollers, it is preferred to include an. additional trigger- 
ing 7, for instance for each rotation, so as to ensure a 
varying pattern described below. Instead of a gating over 
several rotations, a control system, such as a computer, 
can generate information on a combined gating when some 
15 patterns are desired to be generated in form of on/off 
for a pulse 8, or in form of varying pulse sizes per 
triggering 9. 

It is also possible to perform several rotations, where 
the number of spots to be struck varies so as for instance 
20 to generate varying hole depths, cf. 10a.-&. 
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Claims: 

1. A method of processing one or more articles by means 
of a pulsed laser beam, whereby the processing is performed 
in several steps, characterised in that after 

5 each processing step the laser beam is displaced relative 
to the article so as to allow the performance of the 
following processing step in a successive processing area, 
the processing sequence being recommenced and repeated 
until the desired processing in each processing area has 
10 been completed. 

2. A method as claimed in claim 1, character- 
ised in that the pulse width is substantially shorter 
than the pulse interval. 

3. A method as claimed in claim lor2, charac- 
15 t e r i s e d by a relative movement between the article 

and the laser beam during the pulsing and the pulse inter- 
val . 

4. A method as claimed in claim 1 or 2 r charac - 
terised in that during each laser pulse the laser 

20 beam follows the surface of the article by a simultaneous 
movement of the laser beam and the article. 

5. A method as claimed in one or more of the preceding 
claims, characterised by the article rotating 
at a uniform speed during the processing. 

25 6. A method as claimed in one or more of the preceding 
claims for drilling holes, characterised in 
that the pulse emission of the laser beam is synchronized 
with the relative m v ment of the article in such a manner 
that during each f th f llowing pulse sequences th laser 

30 beam hies the sam row of spots on the article. 
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Sequence of laser pulses 




Fig.1 




Fig.2 
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Fig. 7 

Pulse sequence at drilling of spinner wheels 

« 

Sequence 



Z * x row 
2.1 row 




Pulse pattern ^/one hole 
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alternative * • \<3, 
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